Introduction
Platelet-derived growth factor receptors (PDGFRs), which are part of the class III receptor tyrosine kinase family, exert stimulatory effects on c-Kit, Fms-like tyrosine kinase 3 and macrophage colony-stimulating factor receptors (1) . PDGFRs consist of an extracellular ligand-binding region, a transmembrane domain and an intracellular kinase domain (2) . Ligand binding induces dimerization and autophosphorylation of the receptor, facilitating binding and activation of various cytoplasmic signal transduction molecules (3) . In this way, multiple signaling pathways are initiated, resulting in cell proliferation (4) .
Myeloid tumors possessing PDGFRβ gene rearrangement are a rare hematological malignancy, which present with typical characteristics, including myeloid proliferation disorders and eosinophilia. Chronic myelomonocytic leukemia (CMML) is a poorly defined, heterogeneous clinicopathological syndrome that exhibits myelodysplastic and myeloproliferative features (5) , and there are no specific therapeutic strategies for treating patients with CMML. According to laboratory and ancillary tests, cytogenetic abnormalities occur in ~30% of CMML patients, however, there are no consistently recurring chromosomal translocations that can be depended upon for diagnostic criteria, and the incidence of chromosomal translocation in CMML patients is only 1-2% (6) .
To determine the role of PDGFRβ gene rearrangement in the pathogenesis of CMML, the current study reports a case of CMML associated with a t(5;14)(q33;q32) fusion gene using fluorescence in situ hybridization (FISH) and reverse transcription-polymerase chain reaction (RT-PCR). The patient was effectively treated with imatinib, and the relevant literature was reviewed.
Case report
Patient. A patient with CMML was diagnosed, using immunophenotyping and morphological methods, according to the World Health Organization (WHO) classification of tumors of hematopoietic and lymphoid tissues (7) .
Routine karyotype analysis. A bone marrow sample was collected from the patient (heparin lithium was used as an anticoagulant), and cultured in Dulbecco's modified Eagle's medium with 20% fetal bovine serum using the direct and short-term culture methods (8) . Termination of culture was performed following culturing in colchamine for 1 h, and cells were subsequently fixed in a solution of methanol and glacial acetic acid (methanol:glacial acetic acid, 3:1). Following fixing, cells were collected and chromosome karyotype was analyzed after conventional reverse-banding (9) . The remaining cells were stored in fresh fixative and preserved at 20˚C. Chromosomes were analyzed according to standard procedures (10) and the karyotype was classified according to 'An International System for Human Cytogenetic Nomenclature (ISCN 2009)' (11) . The results of karyotype analysis revealed a break in chromosome 5 ( Fig. 1) .
FISH. PDGFRβ isolate probe (Cytocell, Cambridge, UK), which was complementary to the PDGFRβ gene, was applied to the cells, and tagged with green and orange spectroscopy tags. The methods used were previously described by Guo et al (12) . Positive abnormal signals, including red and green fluorescence, were detected via FISH. This indicated PDGFRβ gene rearrangement of cells during interphase ( Fig. 2A) . Fig. 2B indicates the gene isolation signals, which were located on chromosomes 5 and 14.
RT-PCR processing. The thyroid hormone receptor interactor 11 (CEV14)-PDGFRβ fusion gene was amplified via PCR, following the protocol described by Huang et al (13) . Samples were then analyzed for the presence of the fusion gene product. Briefly, total RNA (1 µg) was extracted using Trizol reagent (Invitrogen; Thermo Fisher Scientific, Waltham, MA, USA). Complementary DNA (cDNA; 1 µl) was synthesized using the 
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Takara RNA PCR kit (Takara Bio, Inc., Otsu,Japan) according to the manufacturer's instructions. According to the reported translocated genes on chromosome 14, CEV14 (14q32) (14) , coiled-coil domain containing 88C (KIAA1509) (14q32) (15) and ninein (GSK3B interacting protein) (NIN) (14q24) (16) primers were selected and designed. The primers utilized were as follows: PDGFRβ forward, 5'-GTGGTGAGCACA CTGCGTCTG-3' and reverse, 5'-GTAACGTGGCTTCTT CTGCCA-3'; CEV14 forward, 5'-CGCTGCAGCTTTCTG TCTCTCAGGAACAAG-3' and reverse, 5'-GCGAGGAGC CAAACGGATTTACATCTGTAA-3'; KIAA1509 forward, 5'-CTTATTTGGGATGGAGCCCT-3' and reverse, 5'-CCG GGACACAGATAAGA-3'; NIN forward, 5'-TACCAAGAA CAGCATTCACCAGGCG-3' and reverse, 5'-GCGGCAGTG CAGGGTACTACAAGAC-3'. The PCR cycling conditions used was as follows: 30 cycles of 94˚C for 1 min, 45˚C for 1 min and 72˚C for 1 min. PCR products were electrophoresed on 2% agarose gels and stained with ethidium bromide. As indicated in Fig. 3 , the CEV14-PDGFRβ fusion gene was detected using RT-PCR.
Bone marrow morphology and immunophenotyping. A bone marrow smear revealed serious granulopoiesis, monocytosis, accompanying myelodysplasia and an increase in bone marrow blast cell and promonocyte numbers. Hemogram analysis revealed increased monocytic hyperplasia, progranulocytes and promonocytes. Immunophenotyping results confirmed the diagnosis of chronic myelomonocytic leukemia.
Discussion
The WHO classification of tumors of hematopoietic and lymphoid tissues (2008) defined a novel category for myeloid and lymphoid neoplasms associated with eosinophilia and abnormalities of PDGFRα, PDGFRβ or fibroblast growth receptor 1 (17) . Myelodysplastic/myeloproliferative neoplasms (MDS/MPN), characterized by dyshematopoiesis and myeloproliferation, may be classified into several types: CMML, atypical chronic myelogenous leukemia, juvenile myelomonocytic leukemia and MDS/MPN-unclassifiable (18) . MDS/MPN occurs primarily in adult men with normal chromosome karyotypes, and the underlying pathogenesis remains to be fully elucidated (6) .
Myeloid neoplasms associated with rearrangement of PDGFRβ, demonstrate a PDGFRβ fusion gene on chromosome 5q31-33, and are characterized by fever, weakness, hepatosplenomegaly and, in certain cases, cardiac damage and skin infiltration (19) . This type of neoplasm possesses a variety of hematological symptoms, including eosinophilia, monocytosis and characteristics of systemic mastocytosis, for example bone marrow mastocytosis and abnormal expression of cluster of differentiation 25 (17) .
The most common chromosome translocation that accompanies PDGFRβ gene rearrangement is t(5;12)(q33;p13) (20) . Golub et al (21) confirmed that the juxtaposition of the PDGFRβ gene on chromosome 5 and the ets variant 6 (TEL) gene on the short arm of chromosome 12, which formed the TEL-PDGFRβ fusion gene, sequentially activated the PDGFRβ tyrosine kinase. This enhanced cell proliferation and inhibited apoptosis, thus generating tumor deterioration and metastasis, through the activation of multiple signaling pathways, ultimately leading to the formation of a myeloproliferative disorder (22) . The t(5;14) chromosome translocation detected in the present study is rare and, to the best of our knowledge, has been reported in the relevant literature <10 times (14, (23) (24) (25) (26) (27) (28) (29) (30) (31) . The t(5;14) chromosome translocation has been observed to typically be present in T-cell acute lymphoblastic leukemia (T-ALL) (24, 26) . The partner genes of PDGFRβ include human homeobox 11-like 2 (Hox11L2) (23, 24, (28) (29) (30) and CEV14 (14, 31) . Previous studies have revealed that the translocation of chromosomes 5 and 14 is associated with transcriptional activation of the Hox11L2 gene (24) , as well as genetic recombination of RAN binding protein 17-T-cell leukemia, homeobox protein 3 and B-cell lymphoma 11B (26) . In the relevant literature, CEV14-PDGFRβ fusion gene on t(5;14)(q33;q32) has been identified in two reported cases: One T-ALL (31) and one acute myeloid leukemia case (14) . The latter of these cases demonstrated that CEV14-PDGFRβ was capable of accelerating the formation of leukemia, and thus may be a direct cause of cancer formation (14) . Furthermore, the presence of the CEV14-PDGFRβ fusion gene in T-ALL was concluded to be associated with a high rate of relapse (31) . To the best of our knowledge, the present study is the first to report a case of CMML associated with t(5;14)(q33;q32), and further studies may be required in order to investigate the association between the chromosome translocation and an increased recurrence rate of CMML.
Myeloid tumors associated with PDGFRβ gene rearrangement have been a significant research focus, due to their susceptibility to drug therapy and high rate of complete remission (20, (32) (33) (34) (35) . With the exception of protein kinase cyclic guanosine monophosphate-dependent type II-PDGFRβ, PDGFRβ fusion genes are capable of forming dimers with receptors, which leads to autophosphorylation, and thus induces the persistent activation of tyrosine kinases. Imatinib, a tyrosine kinase inhibitor, is typically used to treat myeloid tumors exhibiting PDGFRβ fusion, in order to achieve sustained remission (20, 32, 36) . Due to potential side-effects, including adverse drug reactions following multiple administrations, a limited daily dosage of imatinib has been recommended (37) . The serum creatinine value of the patient in the present study gradually increased following treatment with imatinib (400 mg/day) for 4 days, thus the daily dosage of imatinib was reduced to 300 mg/day. On day 5 of treatment, percussive pain over the left renal region and hematuria were detected, and kidney stones were diagnosed by ultrasound. Therefore, a reduced dosage of imatinib was subsequently administered (100 mg/day), and kidney-sparing surgery was successfully performed in order to prevent deterioration of the patient. As symptoms were controlled by using a lower dose of imatinib, low dosages of imatinib may be an effective therapy for MDS/MPN associated with PDGFRβ-CEV14, however the long-term curative effects of this therapeutic strategy require further investigation.
Detection of PDGFRβ-associated fusion genes in individual patients appears to be necessary for definitive diagnosis, guiding treatment, predicting prognosis and monitoring minimal residual disease in MDS/MPN. In the present study, an elderly patient was diagnosed with a myeloid tumor associated with the PDGFRβ-CEV14 fusion gene, using the methods of FISH and RT-PCR. These methods were therefore proven to be of significant value in improving diagnosis, guiding treatment and increasing the cure rate of MDS/MPN patients, via the detection of multiple genes exhibiting rearrangement, which are associated with PDGFRβ in MDS/MPN.
